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Abstract; Microstructure evolution behavior for 16Cr-4. 5Al, a nickel based alloy used for seals, is studied by
scanning electron microscope (SEM) observation and image analysis after exposure at 700 C for 24 h, 96 h,
312 h, 960 h, 1512 h, 2 904 h and at 750 'C for 16 h, 96 h, 196 h, 288 h, 528 h respectively. In addition,
the size growth of carbide and ¥’ phase is also calculated based on the diffusion dynamics theory. Experimental
and computational results both show that,the size stability of M,;C; carbide at grain boundary is generally ac-
cepted for the investigated alloy at the tested temperatures. Using diffusion modeling software DICTRA and its
mobility database,the size changes of M,; C; carbide at different temperatures could be calculated, which have a
good approximation with experimental results. The calculated results also show that carbide grows faster with
larger grain size or higher C content of alloy. However, the coarsening of ¥ phase is significant, which conforms
to the Ostwald ripe formula, and the macro hardness decrease is obvious during its long term exposure at 700 C.

Key words: superalloys; sealing materials; microstructure; phase stability; dynamics; coarsening

P R B AL N I R G 1 B R R Y
KENHLIERER EERBEZ — . 0 e 53 F ] 22
5 B A ARAE R BV ENE A B ARSIz
WFSEIF & o H A C 43 90 76 V8 2 56 3F 1 it 25 % sl Bl
BT B A LA B TR T . R R R A %
IR B R AE R 25 1 00 R R B R
W 2L HRATL 5 S TR AR T ph R BE . R
738 50 RS 55 B 0 AR B R R 2, H
e B S A 4. Hil . NiCr-Al RE& 4 2
— g P 5 2 52 FR I — R % R

Yis B : 2009-02-09; &ITHHI: 2009-04-20
E&£MA: HEKAREEEA(G0771011D)
BIWAEE : ¥ & #H E-mail:jxdong@mater. ustb. edu. cn

FIRE o TGI8 B R ) B ORI A
GHESRRN MM Z T R AR
HA AR 53 A PO s il A AL B AL AR e T L B
2] PHRPUAE ] 1200 C fY il » X 3 2R I
THaLE—ZE0E AL AR . e
900 CEAF B F MU AR E T . ix & WA &I
BARE R PERE .

EEXF e IR B T B EOR A  H AT SEAT HGE
FIBETE o A — T 2y P50 B A0 30 AR 1l ]
B2 R B AL EUAT S AR AR 2 PR R e )
SFPERERGE A5 iy o PRI AR SORI A e T J00 e 2
SCE G I AT 1 — T S R S AL B v
WA ALEAT R E R I H R E . A



644 ooz

= 931 %

PRI 24 SR (0 FE AL o 20 018 o B s A 00 0 o P
RS AR 33K 79 b AT AR A B g A A
XoF AN [ i B2 s TR B 280 ) RS AR A i 47 T A3
AR . ASSCRY RO A A IR A A
GUE ALK A5 I N T 0T R BT A

1 507k

AR SR A IR R R 22 s+ AL R B S FL
F J10 mm GG HE A A2 RS O H 5350
. Crl6, Al4.5, Fe3, C0.05, Zr0.1, B0.01, Y
0.01,Ni fxf. HfELATZ 1050 C/8 h #3513
ST BRI ZL, A5 43 i 3% FH 700 'C /24 h,
96 h, 312 h,960 h,1 512 h,2 904 h; 750 C/
16 h,96 h,196 h,288 h,528 h AC [y i %l B,
R ET 4 ¢ 1 PRFREC LG 09 B R R0 AR B0 VAR P AR IR
(20 V) A G55 51 Hh 4 R RN R S R Ay B
P CET Xy HD #E A7 WL, I X #r H A A R~ 3ok
TG M. X dh Sk B 1 RoF G ik ied 76
10 pm X 10 pm B HL 10 A 43 15l S 43 500
R T A B R RE PR R 2 4 A e B
HER v 10 /> 40 3 BEL g ) 4 5 5 TSP 349 (45 3] ik
ARy 4 I - 249 R sE s b " AR RO SE 48 3 i 5 B
10 MR E 1 pm X1 pm Y, B4 N
PEBE 20 AN UKL HEAT I 5 0F ORI E . A
it #2383 Photoshop #0144 B ¢ AL .

TESEAT I ) 2 5 B 0B A 04 3l g 2 S5
A3 BT B B2 R T 2F B T & 1) Thermo-Cale
S DICTRA 4 FUAH N (1 Ni 3L 504 2 . DIC-
TRA 2 # v £ Thermo-Calc #4 J7 22 %03 1 3L il
AL TT R G rh T o A AR R
AR T ST MRS IR XN 2 oo B B 1
B AR SR AS A W) IR LI ) LR 7 R B A0 B i %
Bl JCER WL 3 A S AR A

2 #iRHMHE

2.1 SEHARFHE

W 1) iR 5 & A LSV AR A Y
T dh AT A B AL 9. O B L8 B A Al
TCP MTEMm WM HH o & B 2 ad LG 58 1 45
arn s fn A FUA DR RAE ) (B 1(b)) L fR 223t 1050
‘C/8 by [ s A B o i AL AN Yy AR 4
TR 1] 9 1 ) 45 50 1) B ER AR L 21 i 2 RO 7
10 pm A4 (B 1(e)),

Sh TV A I B A ) Y e 2K T K S

o FHT IS 98 7 B A 1 A S AR T 22 P TC AN
FERHE AT G 4 48 SO AT P AR TR OO
g 2 pros

SRR ZGENYIE RN 1 360 C, &4
BRI 1402 C Ly AR IR T E AR T IR

c) $L.45+1 050 C/8 h, OM

BT e A i R s 2 A

Original microstructure of investigated alloy

Fig. 1

1.0

0.8

& 0.6 -
R
i) 7
=)
0.4 _
L _
0.2 -
M;C,
0 L |
600 800 1000 1200 1 400 1600
g/ C
(a) “FHETAH &



LGVRRE P 1 S IR 5 S g A 645

%3 HE R AR R A R S B RS

0.10 T T T T

0.08 - —

?2 0.06 - -

B[ Y iy

& 0.04 - .

- L .

0.02 - -

| MG M,C i

0
400 600 800 1000 1200 1400 1600
g/ C
(b) BOKIX 45K
K2 IR A 40y 1A AR ] RR DX
Fig. 2 Calculated results of equilibrium phases vs tempera-

ture and its partial higher magnification
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Fig. 3 M,;C; in grain boundary after exposure at 700 C for different times
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